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(57) Abstract 



A linear transmitter (101) using predistortion includes a modulator (103). a.predistorter (107), a digital quadrature modulator (111) 
an upconverter (113). a power amplifier (115). and an antenna (117). In addition, the transmitter (101) has a feedback loop including a 
coupler (1 19). analog downconverter (123), a digital quadrature demodulator (125). and a trainer which compares in-phase and quadrature 
signals from the digital quadrature demodulator (125) with output signals from the modulator (103) and updates the predistorter (107) so 
tha the digital quadrature demodulator (125) outputs signals are substantially equivalent to the modulator (103) output signals 
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LINEAR TRANSMITTER USING PREDISTORTION 

Field of the Invention 
This invention relates to linear transmitters, and more particularly, to linear 
paging transmitters utilizing predistortion. 
5 Background of the Invention 

It is well-known that the power amplification stages of typical broadcast 
transmitters behave in a nonlinear fashion when operated near peak capacity. One 
simple solution to this problem is to "back off' the power amplifier and only operate 
the power amplifier below saturation in its linear region. However, backing off the 
10 power amplifier tends to reduce the power conversion efficiency of the power 
amplifier. Additionally, for a given required transmitter output power, the power 
amplifier used must be larger (and more expensive) than a power amplifier that can be 
operated at peak capacity. 

Furthermore, although backing off would allow the power output of the power; 
1 5 amplifier to behave more linearly, backing off would not alleviate the phase distortion 
of the power amplifier. For modulation schemes that only depend upon modulation of 
amplitude (such as AM), phase distortion is of relatively little concern. However, for 
other types of modulation schemes that rely upon both amplitude and phase 
modulation, phase distortion is an important concern. 
20 In order to provide high speed data rates, some conventional systems use 

modulation schemes such as quadrature amplitude modulation (QAM). As is known 



9NSOOCIO:<WO 9730521 A1> 



WO 97/30521 



PCT/US97/00810 



in the art, QAM relies upon the transmitter being able to vary both the phase and 
amplitude of the transmitted signal. Unfortunately, power amplification stages that 
perform nonlinearly generally have extreme difficulty in implementing the QAM 
scheme efficiently and effectively. 

One result of nonlinear amplification stages with QAM schemes is that 
undesirable intermodulation products (IMPs) -typically are generated. The 
intermodulation products manifest themselves as spurious emissions that lie both 
inside and outside of the desired transmitter channel. These emissions are 
unacceptable for two reasons. First, governmental entities, such as -the Federal 
Communication Commission (FCC) require that spurious emissions out of an assigned 
channel be a predetermined level lower (usually indicated as a dB level down from 
peak output) than the main central channel. Secondly, by having intermodulation 
products, energy is lost in transmitting signals that will not be received by a receiving 
unit, such as a pager or a cellular phone. Thus, nonlinearities in the power 
amplification stages of a transmitter inefficiently utilize power and fail to meet the 
requirements of the FCC for adjacent channel emissions This problem has been 
recognized in the prior art as seen in U S Patent No. 4,291,277 issued to Davis et al. 
on September 22, 1981 

Typical conventional predistorter schemes use analog quadrature modulators 
and demodulators with separate in-phase and quadrature signal analog-to digital 
(A-D) and digital-to-analog (D-A) converters. Such analog systems require analog 
carrier signals that are equal in amplitude and have a 90° relative phase difference. 
However, among other disadvantages, these analog carrier signals are subject to drift 
or variation over time and temperature. Any imbalance between the carrier signals in 
amplitude or phase difference can cause unwanted sideband and carrier regeneration, 
as well as other higher order products in the output signal spectrum. These errors 
typically degrade the operation of predistortion schemes. Similarly, any relative delay 
or amplitude imbalance in the in-phase and quadrature baseband introduced by the 
quadrature modulation or demodulation process or any intervening stages also 
degrade the operation of predistortion schemes. Thus, the baseband signals are 
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typically mismatched to some degree in delay and scaling, thereby degrading the 
performance of the system. 

Further, some conventional predistortion schemes require that the transmitter 
transmit special data sequences to properly train the trainer. In these systems, the 
special data sequences are periodically transmitted to update the trainer and 
predistorter. Thus, when these special data sequences are transmitted, normal data or 
voice transmissions cannot be sent, thereby reducing the transmitter's throuuhput 
Moreover, these data sequences may cause the transmitter to violate the spectral 
requirements of the FCC. 

Still further, typical conventional transmitters with predistortion, on power up, 
may transmit spurious out-of-band signals while initially training the system. 
Typically, these transmitters transmit a special training sequence upon power up, 
which can cause these spurious signals. Consequently, these transmitters do not 
transmit normal data or voice signals immediately after power up, but instead must 
wait for the "initialization" to complete. 

In addition, typical conventional paging transmitters, once implemented, 
cannot be easily reconfigured. Paging formats and predistortion schemes are 
constantly being improved and updated and, thus, there is a need for these transmitters 
to be easily reconfigured with these new formats and schemes Typical conventional 
paging transmitters cannot support such reconfiguration on a commercial" scale. 

The present invention is directed towards a reconfigurable transmitter that will 
operate linearly with various modulation schemes, including those that vary the 
amplitude and phase of the transmitted signal. The present invention is also directed 
toward overcoming the disadvantages of analog modulation and other disadvantages 
of the prior an. 

Summary of the Invention 
The present invention is directed towards a linear transmitter using 
predistortion and adaptive monitoring to continuously update the predistortion of the 
transmitter. The transmitter includes a modulator, a predistorter, a digital quadrature 
modulator, a digital-to-analog converter, an analog upconvener, and a power 
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amplifier. In addition, the transmitter has a feedback loop including a coupler, an 
analog downconverter, an analog-to-digital converter, a digital quadrature 
demodulator, and a trainer 

In operation, the modulator receives digital data that is to be transmitted and 
converts the digital data into in-phase and quadrature component signals. The 
in-phase and quadrature component signals are then provided to the predistorter 
which multiplies the component signals by a varying complex gain (a + jb), such that 
when they are subsequently passed through the power amplifier the signals will appear 
as close as possible to the desired modulated signal, without distortion. - The signals 
from the predistorter are received by the digital quadrature modulator, which outputs 
a single real digital signal. The real digital signal is converted to a real analog signal 
by the digital-to-analog converter. The real analog signal is upconverted into the 
desired frequency of transmission by the analog upconverter, and the upconverted 
signal is then provided to the power amplifier for transmission. 

In the feedback loop, the coupler provides a portion of the output signal of the 
power amplifier (i.e., the receive signal) to the analog downconverter, which lowers 
the frequency of the receive signal to a range that is easily processed. The 
downconverted signal is then provided to the analog-to-digital converter for 
conversion to a digital signal. The digital signal from the analog-to-digital converter 
is received by the digital quadrature demodulator, which outputs the in-phase and 
quadrature component signals of the demodulated signal to the trainer. The trainer 
also receives the in-phase and quadrature component signals from the modulator The 
trainer analyzes the demodulated signal's in-phase and quadrature component signals 
with the in-phase and quadrature component signals provided by the modulator and 
estimates and updates the predistorter varying the complex gain so that the transmitter 
output signal (as demodulated by the digital quadrature demodulator) is maintained 
substantially equivalent to digital data to be transmitted (as modulated by the digital 
modulator). 

According to another embodiment of the present invention, a controller 
interface of the modulator, the digital quadrature modulator and the digital quadrature 
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demodulator include reprogrammable devices which can be reconfigured by a 
controller. Thus, these elements can be selectably reconfigured to modify the 
modulation formats and other functions. The modulator, predistorter, trainer and 
digital downconverter are implemented in software controlled digital signal processing 
5 (DSP) devices that can be reconfigured to modify their functions. In a further 
refinement, the controller is coupled to receive configuration information remotely 
communicated to the controller so that the transmitter can.be reconfigured from a 
remote location. 

Brief Description of the Drawings . - 
10 The foregoing aspects and many of the attendant advantages of this invention 

will become more readily appreciated as the same becomes better understood by 
reference to the following detailed description, when taken in conjunction with the 
accompanying drawings, wherein: 

FIGURE 1 is a simplified block diagram of one embodiment of a transmitter 
1 5 according to the present invention, 

FIGURE 2 is a block diagram of a second embodiment of a transmitter 
according to the present invention; 

FIGURE 3 is a block diagram of one embodiment of a modulator according to 
the present invention, 

20 FIGURE 4 is a block diagram of one embodiment of a DSP module according 

to the present invention; 

FIGURE 5 is a block diagram of one embodiment of a digital interpolator and 
digital quadrature modulator according to the present invention; 

FIGURE 6 is a block diagram of one embodiment of a controller according to 
25 the present invention; 

FIGURE 7 is a flow diagram illustrating the operation of the controller in 
automatically adjusting the gain and attenuation of the analog downconverter and 
analog upconverter, respectively, according to one embodiment of the present 
invention; and 
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FIGURE 8 is a flow diagram illustrating the operation of the predistorter in 
automatically maintaining a maximal dynamic range of signals passing through the 
transmitter accord to one embodiment of the present invention. 

Detailed Description of a preferred Embodiment 

FIGURE 1 shows in schematic form one embodiment of a linear 
transmitter 101 in accordance with the present invention. In the forward signal 
processing path, the transmitter 101 includes a modulator 103, a predistorter 107, a 
digital quadrature modulator 1 1 1 , a digital-to-analog converter 1 12, an analog 
upconverter 1 13, a power amplifier 115 and a transmitting antenna 1 17. -A feedback 
loop of the transmitter includes a directional coupler 119 (between the power 
amplifier 115 and the antenna 117), an analog downconverter 123, an analog-to- 
digital converter 124, a digital quadrature demodulator 125, and a trainer 131 The 
trainer is coupled to receive the output signals of the digital modulator 103 and 
interact with the predistorter 107. In other embodiments, additional power amplifiers 
may be connected in parallel with the power amplifier 1 1 5 to increase the gain of the 
transmitter 101. 

Digital data that is to be broadcast by the transmitter 101 is provided to the 
modulator 103, as represented by line 133. The data may be provided by any source. 
In a preferred embodiment, the linear transmitter 101 is adapted for use as a paging 
transmitter, although it can be used in any radio frequency (RF) application. . In a 
preferred embodiment, the data input into the modulator 103 is provided from a 
transmitter controller 135 (shown in broken lines) that is operative to receive data 
over a link channel from a paging terminal and formulate the data for transmission. 
The details of the construction of a transmitter controller, and indeed an entire paging 
system, can be found in U.S. Patent No. 5,481,258 to Fawcett et al., U.S. Patent 
No. 5,365,569 to Witsaman et al. and U.S. Patent No. 5,416,808 to Witsaman et al., 
commonly assigned to the assignee of the present invention and incorporated herein 
by reference. 

In a preferred embodiment, the data is a series of digital symbols, with each 
symbol representing a predetermined number of bits. The number of bits per symbol 
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is dependent upon the particular modulation scheme being transmitted by the 
transmitter 101. Modulation formats in typical conventional paging data systems 
include formats such as, for example, two or four tone frequency shift keying (FSK) 
modulation and QAM. QAM formats include, for example, an eight level QAM 
modulation scheme that would have a three-bit symbol Similarly, a sixteen level 
Q.AM scheme would have four bits per symbol. It can be appreciated that for a three- 
bit symbol, there are eight possible symbols. Likewise, for a four-bit symbol, there are 
sixteen possible symbols. Throughout most of this discussion, the example used will 
be of a four-bit symbol, which corresponds to a sixteen level QAM scheme 

The modulator 103 is operative to correlate each particular symbol with 
predetermined in-phase and quadrature output signals. Thus, for each unique symbol, 
a different combination of in-phase and quadrature component signals for the base 
band signal is output by the modulator. In a preferred embodiment, the 
modulator 103 includes a Texas Instruments TMS320C44 microprocessor that is 
programmed to perform the in-phase and quadrature modulation on the symbols 
(described below in conjunction with FIGURES 3 and 4). 

Additionally, as each symbol is processed, the modulator 103 does not 
"instantaneously" transition from one symbol to another. Such an instantaneous 
change in in-phase and quadrature output signals would result in high frequency 
harmonics in the system. Instead, by means of digital filtering, a smooth transition 
between symbols (and therefore in-phase and quadrature output signals) is achieved 
One embodiment of this technique which is applicable to an FSK system is disclosed 
in more detail in U S Patent No. 5,418,818 to Marchetto et al., assigned to the same 
assignee as the present invention and incorporated herein by reference. 

Next, the in-phase and quadrature component signals output by the 
modulator 103 are input into the predistorter 107. The predistoner 107 is operative 
to modify the in-phase and quadrature component signals output from the 
modulator 103 so as to compensate for any distortion that takes place in the power 
amplifier 1 15. The compensation provided by the predistoner 107 is controlled by the 
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trainer 131 using any suitable predistortion scheme. The trainer 131 is described in 
more detail below. 

The output of the predistorter 107 is then provided to the digital quadrature 
modulator 111. The digital quadrature modulator 1 1 1 converts the in-phase and 
5 quadrature component signals into a single real digital signal. The real digital signal 
from the digital quadrature modulator 1 1 1 is received by a D-A converter 1 1 2 that 
converts the real digital signal to an analog signal, producing an intermediate 
frequency output signal. For example, the intermediate frequency is 
approximately 5.6 MHz in a representative embodiment Because a* single D-A 

10 converter is used, the distortion caused by the relative delay and amplitude differences 
introduced in those conventional systems that use separate. D-A for in-phase and 
quadrature signals is substantially eliminated in the transmitter 101. 

The intermediate frequency output signal from the D-A converter 112 is 
provided to the analog upconverter 113, which converts the intermediate frequency 

15 signal to a broadcast frequency signal having a frequency within a frequency band of 
the paging system. For example, the broadcast frequency is approximately 940 MHz 
in a representative embodiment. The analog upconverter 113 can be any suitable 
conventional upconverter such as, for example, a mixer receiving a local oscillator 
signal. 

20 The power amplifier 1 1 5 receives the broadcast frequency signal from the 

analog upconverter 113, amplifies the signal, and provides the amplified signal to the 
transmitting antenna 117 for transmission The power amplifier 115 can be any 
suitable power amplifier such as, for example the power amplifier disclosed in 
copending and cofiled application [attorney docket number GLENPW- 1-8884], 

25 assigned to the same assignee as the present invention and incorporated herein by- 
reference. In a representative embodiment, four such power amplifiers are used in 
parallel, but fewer or more can be used in other configurations. 

In order to aid in the accurate predistortion of the signal, the feedback loop 
monitors the amplified signal from the power amplifier 1 1 5. In a preferred 

30 embodiment, the coupler 119 is a conventional directional coupler positioned 
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relatively close to the antenna 1 17. The signal from the coupler 1 19 is provided to the 
analog downconverter 123. 

The analog downconverter 123 operates in an opposite manner to the analog 
upconverter 113 In particular, the analog downconverter 123 lowers the frequency 
of the receive signal outputted by power amplifier 115 to an intermediate frequency. 
In a preferred embodiment, this intermediate frequency is substantially the same as the 
intermediate frequency used in the forward signal processing path. Within the analog 
downconverter 123, there is a series of filtering, amplification, and mixing with local 
oscillator signals to generate the intermediate frequency signal. - 

Next, the intermediate frequency signal is converted from an analog 
intermediate frequency signal into a digital signal This is accomplished by using a 
conventional A-D converter 124 such as, for example, an Analog Devices AD9026, 
which samples the intermediate frequency signal and outputs a digital signal 
representing the sampled intermediate frequency signal. The digital quadrature 
demodulator 125 performs a digital quadrature demodulation of the digital signals and 
outputs the in-phase component signal and the quadrature component signal. 

The trainer 131 receives the output signals of the digital quadrature 
demodulator 125. The trainer 131 also receives the output signals from the 
modulator 103. Some predistortion algorithms also require the trainer 131 to receive 
the output signals from the predistorter 107 Thus, in effect, the trainer 131 receives 
the exact modulated signal that was intended to be sent (the output signals of the 
modulator 103) and the signal that was transmitted (the output signals of the digital 
quadrature demodulator 125) in order to ensure that the predistorter 107 correctly 
compensates for the distortion caused by the power amplifier 115. The. trainer 131 
and the predistorter 107 can implement any suitable predistortion scheme such as, for 
example, the scheme disclosed in U.S. Patent No. 5,049,832 to Cavers. Typically, the 
trainer provides one or more "trainer" signals to the predistorter that modify the 
predistorter' s response to the in-phase and quadrature signals input to the 
predistorter. 
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In addition, the trainer monitors the actual data or voice signals being 
transmitted to implement the predistortion scheme, as opposed to special sequences 
(i.e., not normal data or voice signals) as required by some conventional systems. 
Thus, normal data or voice transmissions need not be interrupted to transmit special 
data sequences to update the predistorter as in these conventional systems. 

FIGURE 2 is a block diagram of a transmitter 200 according to another 
embodiment of the present invention. The transmitter 200 is substantially similar to 
the transmitter 101 (FIGURE 1), except that the transmitter 200 includes an 
interpolator 205 connected between the modulator 103 and the predistorter 107, a 
digital interpolator 209 connected between the predistorter 107 and the digital 
quadrature modulator 1 1 1, a digital decimator 229 connected between the trainer 131 
and the digital quadrature demodulator 125, a combined detector and low pass 
filter 221 connected to the coupler 119, and a controller 238 connected to the 
detector and low pass filter 221 The output signals of the controller 238 are 
provided to components 103-221 and 229-237 as described below. In addition, the 
transmitter 200 includes a synthesizer 235 connected to the analog upconverter 113 
and the analog downconverter 123, a phase locked loop (PLL) 237 connected to the 
digital quadrature modulator 111. An ovenized reference oscillator 233 is connected 
to both the synthesizer 235 and the PLL 237 

The transmitter 200 operates in substantially the same manner as the 
transmitter 101 (FIGURE 1). In this embodiment, the output signals of the 
modulator 103 are the in-phase and quadrature component signals sampled at 80,000 
samples per second (80 ksps). A preferred embodiment of the modulator 103 is 
described below in conjunction with FIGURE 3. 

The in-phase and quadrature component signals output by the modulator 103 
are received by the interpolator 205. The interpolator 205 operates to increase the 
effective sampling rate of the received signals by means of digital interpolation. In a 
preferred embodiment, the interpolator 205 outputs the in-phase and quadrature 
component signals at a rate of approximately 800 ksps and is implemented with a DSP 
module (described below in conjunction with FIGURE 4) 
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Next, the signals output from the interpolator 205 are input into the 
predistorter. The predistorter 107, as previously described, predistorts the received 
in-phase and quadrature component signals to compensate for the distortion of the 
power amplifier 1 15. The predistorted 800 ksps component signals from the 
5 predistorter 107 are received by the digital interpolator 209. The digital 
interpolator 209 operates in a fashion similar to the interpolator 205. In particular, the 
digital interpolator 209 converts the sampling rate to a higher rate. Specifically, both 
the in-phase and quadrature component signals are first upconverted in a first step by 
a factor of two. Thus, after this first conversion, the effective sampling rate of the 

10 component signals is approximately 1.6 Msps. The signals are then upconverted by 
another factor of two, resulting in an effective rate of approximately 3.2 Msps. Next, 
these two 3.2 Msps signals are passed to a further interpolator which upconverts them 
by a factor of seven to approximately 22.4 Msps. Thus, the output signals of the 
digital interpolator 209 are in-phase and quadrature component signals that have been 

15 sampled at 22.4 Msps. The interpolation stages include digital filtering of the base 
band signals. The implementation of the digital interpolator 209 is described further 
below in conjunction with FIGURE 5 

The digital quadrature modulator 1 1 1 receives the output signals of the digital 
interpolator 209 and modulates them as previously described using a digital 

20 quadrature modulation scheme. In this embodiment, the digital quadrature 
modulator 1 1 1 uses a digital equivalent of a conventional double balanced modulation 
scheme in conjunction with a 5.6 MHz carrier signal derived from a 22.4 MHz signal 
provided by the PLL 237. The real digital modulated output signal is then converted 
to an analog signal by the D-A converter 112 As a result, the D-A converter 1 12 

25 outputs a 5.6 MHz analog intermediate frequency signal to the analog 
upconverter 113. 

The analog upconverter 113 receives two local oscillator signals provided by 
the synthesizer 235. In a preferred embodiment, where the broadcast frequency 
is 940 MHz, the two frequencies provided by the synthesizer 235 are a 36.9 MHz 
30 local oscillator signal and a 897.5 MHz local oscillator signal. The analog 



BNSOOCIO:<WO 9730521 A1> 



WO 97/30521 



PCT/US97/00810 

-12- 



upconverter 113 receives the local oscillator signals for mixing with the 5.6 MHz 
intermediate frequency signal in a conventional two-stage mixing scheme. In the first 
stage of the upconversion, the intermediate signal is mixed with the 36.9 MHz local 
oscillator signal, and the upper side band of the resulting 42.5 MHz signal is amplified 
5 and bandpass filtered before being mixed with the 897.5 MHz local oscillator signal. 
The resulting upper side band at 940 MHz is bandpass filtered and provided to the 
power amplifier 1 15. It can be appreciated that to change the frequency of 
transmission of the transmitter 101, the local oscillator frequencies of synthesizer 235 
can be changed. The 940 MHz signal is then amplified by the power amplifier 1 15 
10 and broadcast through antenna 117 as previously described for transmitter 101 
(FIGURE 1). 

In a preferred embodiment, the synthesizer 235 is a Phillips SA7025 
synthesizer chip. As noted above, the synthesizer 235 controls the variable local 
oscillator signal for precisely determining the transmit frequency of the signal The 

15 synthesizer 235 uses a reference oscillator 233 that, in a preferred embodiment, is a 
stable reference at 10 MHz. In a preferred embodiment, this 10 MHz stable reference 
is obtained from the transmitter controller of a paging base station. 

The analog upconverter 113 also includes a conventional variable attenuator 
which can be controlled by the controller 238. The variable attenuator can be any 

20 suitable variable attenuator such as, for example, a PIN diode attenuator Likewise, 
the analog downconverter 123 also includes a conventional variable gain amplifier 
such as, for example, a model AD603 amplifier from Analog Devices. The gain of 
this amplifier is controlled by the controller 238 The controller 238 is described 
further below in conjunction with FIGURE 6. As a result, the controller 238 can 

25 maintain substantially constant power amplifier output power, as described below in 
conjunction with the flow diagram depicted in FIGURE 7. 

In the average power monitoring path, the combined detector and low pass 
filter 221 measures the average signal strength and provides a signal indicative of the 
average signal strength to the controller 238. The detector 221 can be any suitable 

30 average power detector such as, for example, a conventional calibrated diode 
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detector. The controller 238 also receives input signals from the modulator 103 and 
from the digital decimator 229. By analyzing the signals received from these sources, 
the controller 238 can determine if any of the system components are malfunctioning. 
For example, if the output signal of the detector 221 indicates a drop in average signal 
strength, and the output signals of the modulator 103 remain relatively constant, then 
a malfunction in the upconversion chain (103-1 19) is indicated. The detector 221 and 
controller 238 can also be used to monitor and calibrate the gain of the power 
amplifier 115 

Referring back to the feedback path, as described above, the 9.40 MHz receive 
signal from the coupler 1 19 is provided to the analog downconverter 123, converted 
to the intermediate frequency of 5. 6 MHz, and received by the digital quadrature 
demodulator 125. The digital quadrature demodulator 125 operates as previously 
described for the transmitter 101 (FIGURE 1), producing in-phase and quadrature 
component signals at 22.4 Msps. In a preferred embodiment, the digital quadrature 
demodulator is implemented using a Xilinx 4003 field programmable gate array 
(FPGA) that has been configured to perform the digital quadrature demodulation. 

The digital decimator 229 receives the output signals of the digital quadrature 
demodulator 125 and performs a decimation by a factor of twenty-eight to 
produce 800 ksps complex base band signals. The downconversion is performed, in a 
preferred embodiment, by two Harris HSP43220 decimating filter chips programmed 
to decimate by twenty-eight and to filter the base band signals. 

The 800 ksps complex base band signals are received by the trainer 131. As 
previously described, the trainer analyzes the receive signals and the signals from the 
modulator 103 to control the predistorter 107 to properly compensate for the 
distortion caused by the power amplifier 1 1 5. The output signals of the 
predistorter 107 may be received by the trainer 131 as required by the particular 
predistortion scheme being used. 

Another important feature of the present invention is that ail of the processing 
done by each of the components of FIGURE 2 is keyed off synchronous clock signals. 
By utilizing the same clocking in the demodulation scheme of components 123-131 
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and 205-209, as is used in the modulation scheme of components 103-1 13 and 229, it 
is possible to monitor the transmitted signal quality on each digital sample. The 
modulation and demodulation are phase locked to one another with adjustment only 
needed for the delay through the analog and digital stages, including the power 
5 amplifier 115. 

FIGURE 3 is a block diagram of one embodiment of the modulator 103 
according to the present invention. The modulator 103 includes a configurable 
interface 301, implemented with a reprogrammable logic device, to receive digital 
signals from the base station controller 135 (FIGURE 2) In a preferred embodiment, 

10 the reprogrammable logic device is a Xilinx XC4003 field programmable gate array 
(FPGA), although any suitable reprogrammable logic device can be used As a result, 
the configurable interface 301 can be configured to operate with various transmitter 
controllers. The configurable interface 301 is connected to the DSP module 305 
(described below in conjunction with FIGURE 4), which receives real digital signals 

15 from the interface 301 and converts them into filtered complex digital signals. The 
DSP module 305 is programmed to produce the in-phase and quadrature component 
signals from the digital signal received by the configurable interface 301. Additional 
DSP modules substantially similar to DSP module 305 in hardware implementation 
may be used to implement a more complex modulation algorithm or to increase the 

20 speed of the modulator. 

Further, the digital modulator 103 may be programmed to delay incoming 
signals from the transmitter controller 135 (FIGURE 2) for use in a transmitter system 
using one or more transmitters in addition to the transmitter 200 (FIGURE 2) to 
transmit the data signals. This programmed delay is adjusted so that the 

25 transmitter 200 will transmit the data signals at substantially the same time as other 
transmitters that are transmitting the same data signals. This delay scheme is 
described further in the aforementioned Marchetto patent 

In addition, the digital modulator 103 can be programmed to equalize 
processing delays within the digital modulator itself that arise when the modulation 

30 format is changed. For example, the processing delays within the digital modulator 
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for FSK modulation and for AM single sideband (SSB) voice modulation are 
different. Consequently, for example, when a first set or packet of data signals are 
modulated using a relatively slow modulation processing format, followed by a second 
set of data signals using a relatively fast modulation processing format, the digital 
5 modulator 103 may experience a fault as the "fast" data overtakes the "slow' 1 data. 
This delay scheme is also described further in the Marchetto patent. 

FIGURE 4 is a block diagram of one embodiment of a DSP module 400 
according to the present invention, substantially identical to DSP module 305 
(FIGURE 3) in hardware implementation. The DSP module 40jO includes a 
10 microprocessor 40 1 In a preferred embodiment, the microprocessor 401 includes a 
DSP microprocessor TMS320C44 available from Texas Instruments, although any 
suitable microprocessor can be used. The microprocessor 401 is connected to a static 
random access memory (SRAM) 403 and a nonvolatile memory 405. In this 
embodiment, the nonvolatile memory 405 is implemented using a flash electrically 

1 5 programmable read only memory (EPROM). As a result, the DSP module 400 can be 
configured or programmed for a variety of functions, such as, for example, forming 
part of a modulator, interpolator, trainer or predistorter. Further, the DSP 
module 400 can be reprogrammed to change its functionality through the 
controller 238, which can be programmed to replace the configuration program stored 

20 in the nonvolatile memory 405 

In addition, when the trainer 131 and the predistorter 107 are implemented 
with DSP modules, the DSP modules can be programmed to maintain the maximum 
dynamic range in the digital signals passing through the D-A and A-D converters in 
the transmitter 200 (FIGURE 2). Maximizing the dynamic range helps maximize the 

25 signal-to-noise ratio of the signals passed through the transmitter. However, if the 
dynamic range is exceeded, the transmitter suffers severe performance degradation. 
In the D-A converter, exceeding the dynamic range causes so called "wrap-around" of 
the output analog signal. Thus, for example, when the D-A convener receives a 
maximum amplitude signal that exceeds the dynamic range, the digital signal detected 

30 by the D-A converter will "wrap-around" to a value near the minimum value, causing 
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the analog output signal have a very small amplitude. Similarly, a minimum value 
signal exceeding the dynamic range will result in an analog output signal at near the 
maximum amplitude. In the A-D convener, exceeding the dynamic range will result in. 
clipping of high amplitude signals. The predistorter can be programmed to maintain a 
maximal dynamic range as described in more detail below in conjunction with 
FIGURE 8. 

Still further, the DSP module 400 can be remotely reconfigured by remotely 
communicating reconfiguration information to the controller 238 (FIGURE 2). For 
example, the controller 238 includes a port that can be coupled to- an external 
communication means, such as a modem coupled to a telephone line. Thus, the 
controller 238 can receive reconfiguration information transmitted over the telephone 
lines and send this information to the DSP module to be stored in the nonvolatile 
memory 405. Of course, in other embodiments the controller 238 can remotely 
receive the configuration information through other remote communication schemes. 
Thus, in a preferred embodiment, DSP modules substantially similar to the DSP 
module 400 are used to implement the trainer 131 and predistorter 107 (FIGURE 2) 
so that they can be subsequently reconfigured with updated predistortion algorithms. 
In addition, this embodiment of the trainer 131 can be programmed so that the 
trainer 131 can perform a fast Fourier transform (FFT) of the 800 ksps complex base 
band signals received from the digital decimator 229, thereby producing the spectrum 
of baseband signals. 



Moreover, the DSP module implementing the trainer can also be programmed 
to compare this spectrum to a mask or envelope of the maximum allowed out-of-band 
signal levels. If the out-of-band signal levels exceed the maximum allowed, then the 
DSP module can cause a transmitter disable and reset either directly or by signaling 
the controller 238 (FIGURE 2) to force a shutdown and reset of the transmitter "In 
FSK embodiments, the trainer can be programmed to monitor the magnitude of the 
envelope of the transmitted signal FSK modulation has a constant envelope and, 
thus, the sum of the squares of the in-phase and quadrature amplitudes of each sample 
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should be equal to the same value. The trainer can be programmed to indicate a fault 
to the controller 238 when the envelope is not constant. 

Further, when implementing the predistorter with a DSP module 400, the 
predistorter can, on powerdown, store the predistortion values in the nonvolatile 
5 memory 405. As a result, the predistorter can use these stored values immediately 
after power up to predistort data to be transmitted. Thus, the predistorter does not 
require a special initialization process with special training sequences as, required in 
many conventional systems. 

Additionally, the DSP module in the modulator 103- (FIGURE 2) can be 
10 programmed to scale the in-phase and quadrature output signals at start-up and 

* : ..fBii;' 

powerdown to "ramp" the input signals to the power amplifier using a look up table 
(LUT) containing a smooth ramping function of multiplier factors, thereby reducing 
transients in the power supply voltages and spurious output signal from the power 
amplifier. In a preferred embodiment, a Gaussian scaling is used. Smooth ramping 
1 5 can be individually applied to individual subcarriers when more than one is transmitted 
simultaneously. 

FIGURE 5 is a block diagram of one embodiment of the digital 
interpolator 209 and the digital quadrature modulator 1 1 1 according to the present 
invention. The digital upconverter receives the complex signals from the 

20 predistorter 107 (FIGURE 2) in FIFOs 501 and 505, which feed two pairs of half 
band filters 503 and 507. In a preferred embodiment- the two pairs of half band 
interpolation filters are used to accomplish part of the upconversion from 800 ksps 
to3.2Msps are two pairs of Harris HSP43 2 1 6 half-band filters, which feed a 
seven-times interpolator. The seven-times interpolator is implemented by 

25 reprogrammable logic device 509 which, in a preferred embodiment, is a Xilinx 4010 
FPGA implementing a cascaded integrator/comb (CIC) filter. In addition, the 
reprogrammable logic device 509 also implements the digital quadrature 
modulator 111. The D-A converter 112 receives the output signals of the digital 
quadrature modulator 1 1 1 and outputs a real analog intermediate frequency signal 

30 corresponding to the real digital signal outputted by the digital quadrature 
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modulator III. The D-A converter can be any suitable D-A converter, such as, for 
example, a model DAC600 available from Burr-Brown. 

Further, the FPGA can be programmed to monitor check bits that are 
interleaved in the data of the in-phase and quadrature signals provided by the 
5 predistorter and interpolator In this embodiment, the DSP module implementing the 
predistorter is programmed to interleave the check bits with the in-phase and 
quadrature data outputted by the predistorter. The check bits are used to detect if the 
data flow in the transmitter becomes incorrectly synchronized (e.g., large fields, 
power surges, static discharge, etc. may cause misclocking between in-phase and 

10 quadrature signals). If the in-phase and quadrature signals get out of synch, then the 
transmitter output signals will be severely distorted. The FPGA of the digital 
quadrature modulator compares the check bits between corresponding in-phase and 
quadrature signals and if they do not match, then the digital quadrature modulator 
causes the transmitter to be disabled and reset, either directly or by signaling the 

1 5 controller 238 (FIGURE 2), which then disables and resets the transmitter. 

In addition, when the predistorter output signals are correctly clocked, the 
FIFOs 501 and 505 are approximately half filled. Thus, any overflow or underflow 
condition in the FIFOs 501 and 505 is indicative of a serious clock fault. Thus, if one 
or both of the FIFOs indicate an overflow or underflow condition, the digital 

20 quadrature modulator again indicates a fault condition to disable and reset the 
transmitter. 

FIGURE 6 is a block diagram of one embodiment of the controller 238 
according to the present invention. The controller 238 includes a microcontroller 601 
connected to a SRAM 602 and a nonvolatile memory 603. In a preferred 
25 embodiment, the microcontroller 601 is a Motorola MC68HC 16 microcontroller, 
although any suitable microcontroller can be used. The microcontroller 601 is 
connected to a global bus 605, which is also connected to the reconfigurable 
components of the transmitter 200 (FIGURE 2), such as the digital modulator 103, 
the interpolator 205, the predistorter 107 and the digital decimator 229 The 
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controller 238 provides reconfiguration information to the reconfigurable components 
through the global bus 605. 

The microcontroller 60 1 also includes a maintenance port 607. The 
maintenance port can be configured as either an EIA-232 or EIA-422 interface. The 
maintenance port 607 can be used to receive information from an external source as 
described in the data sheet for the MC68HC16, which is incorporated herein by 
reference Thus, by coupling a remote communication device, such as a modem, to 
the maintenance port 607, the controller 238 can receive reconfiguration information 
remotely communicated to the controller, which can be used- to reconfigure the 
various reconfigurable components of the transmitter 200 (FIGURE 2).. In addition, 
the microprocessor 601 can receive the FFT information from the trainer 131 
(described above in conjunction with FIGURE 4) through the global bus 605 and 
provide this FFT information to the maintenance port 607 for remote monitoring of 
the transmitted spectrum. 

In this embodiment, the microcontroller 601 also includes a port 609 for 
connecting to a VT100 terminal for monitoring, testing and troubleshooting In 
addition, the microcontroller 601 includes input and output ports 611 and 613, 
respectively, for receiving the average power signals and for adjusting the gain and 
attenuation of the analog downconverter and analog upconverter, as described above 
in conjunction with FIGURE 2. A programmable logic device (PLD) 615 such as, for 
example, a ATV2500B PLD is also connected to the microcontroller 601 and 
provides control signals to the FPGAs in the digital quadrature modulator and the 
digital quadrature demodulator. 

In addition, the microcontroller 60 1 can be programmed to provide control 
signals to the digital quadrature modulator 1 1 1 and digital quadrature 
demodulator 125 (FIGURE 2) on power up and reset to force synchronization 
between the digital quadrature modulator 1 1 1 and digital quadrature 
demodulator 125. 

FIGURE 7 is a flow diagram illustrating the operation of the controller 238 
(FIGURE 2) in automatically adjusting the attenuation and gain of the analog 
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upconverter 1 13 and analog downconverter 123 (FIGURE 2). The controller 238 
performs this calibration periodically by checking whether a calibration interval timer 
has expired, as shown in step 701. In a preferred embodiment, the interval is 
approximately ten minutes. The controller repeats checking the calibration timer until 
the interval has expired, and then performs a step 703. 

In step 703, the controller 238 checks whether the transmitter 200 
(FIGURE 2) has started a transmission suitable for use in the calibrating process 
Suitable transmissions are those that have an approximately constant power level such 
as, for example, FSK modulated signals. QAM signals can also be suitable. Normal 
digital data transmissions are typically suitable, although voice transmissions are not 
If a suitable transmission has not started, then the controller 238 repeats step 703 until 
one does begin. 

The controller 238 then performs a step 705 where it takes a 100 us average 
of the transmitted power. The controller 238, in a next step 707, compares the 
measured average power with a stored reference. In a preferred embodiment, the 
stored reference is the average power of a test tone transmitted at the time of 
manufacture. If the measured average power is greater than the reference, then in a 
step 709 the controller 238 causes the analog upconverter 1 13 to increase its 
attenuation and the analog downconverter 123 to decrease its gain, as described 
above in conjunction with FIGURE 2. In contrast, if the measured average power is 
less than the reference, then in a step 711 the controller 238 causes the analog 
upconverter 113 to decrease its attenuation and the analog downconverter 123 to 
increase its gain. However, if the measured average power is approximately equal to 
the reference (i.e., within tolerance), then the controller 238 does not modify the 
attenuation or gain of the analog upconverter or downconverter. The controller 238 
then loops back to step 701 to wait for the next calibration interval to expire 

FIGURE 8 is a flow diagram illustrating the operation of the predistorter 107 
(FIGURE 2) implemented with a DSP module (FIGURE 4) in automatically 
maintaining a maximal dynamic range of signals passing through the transmitter 200 
(FIGURE 2). The predistorter 107 is coupled to receive an interrupt signal from the 
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digital quadrature modulator 1 11 and the digital quadrature demodulator 125 
whenever an overflow condition has occurred (i.e., the dynamic range has been 
exceeded). An interrupt causes the predistorter 107 to perform a step 801, indicating 
an overflow was detected in the A-D convener or the D-A converter (FIGURE 2) 
The predistorter 107 then performs a step 803 to scale down the predistorter output 
signals to prevent overflow of subsequent signals Then, in a next step 805, the 
predistorter 107 compares the average amplitude of the predistorter output signals to 
the allowed range of the D-A and A-D converters. In a next step 807, an evaluation is 
made of whether the average amplitude is higher than the allowed range. If so, the 
predistorter scales its output signals down in a step 809. However, if in step 807 the 
average amplitude is determined to be lower, then in a step 811 the predistorter scales 
its output signals up. The predistorter 107 then returns to step 805, repeating the 
cycle until the next interrupt. 

The embodiments of the transmitter described above are illustrative of the 
principles of the present invention and are not intended to limit the invention to the 
particular embodiments described. For example, while a preferred embodiment has 
been described in connection with a paging transmitter, the linear transmitter will find 
application in many broadcast environments. In addition, the embodiments described 
above can be adapted for different modulation formats without undue experimentation 
by those skilled in the art, in light of the present disclosure For example, voice 
signals modulated by AM SSBcan also be supported, as well as multiple subcarriers of 
such modulated signals. Accordingly, while a preferred embodiment of the invention 
has been illustrated and described, ii will be appreciated that in light of this disclosure, 
various changes can be made therein without departing from the spirit and scope of 
the invention. 
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The embodiments of the invention in which an exclusive property or privilege 
is claimed are defined as follows: 

1. A transmitter for substantially linearly transmitting signals at a 
broadcast frequency, the transmitter comprising: 

a digital modulator coupled to receive digital data, wherein said modulator is 
capable of providing an in-phase signal and a quadrature signal dependent on said 
digital data; 

a predistorter coupled to said digital modulator, wherein said predistorter is 
capable of providing a predistorted in-phase signal dependent on said in-phase signal 
provided by said digital modulator and a predistorted quadrature signal dependent on 
said quadrature signal provided by said digital modulator; 

a digital quadrature modulator coupled to said predistorter, wherein said 
digital quadrature modulator is capable of providing a digital predistorted signal 
dependent on a combination of said predistorted in-phase signal and said predistorted 
quadrature signal provided by said predistorter; 

a digital-to-analog converter coupled to said digital quadrature modulator, 
wherein said digital-to-analog converter is capable of providing an analog predistorted 
signal dependent on said digital predistorted signal provided by said digital quadrature 
modulator; 

a power amplifier coupled to said digital-to-analog converter, wherein said "*w f 
power amplifier is capable of providing an amplified analog signal dependent on 
analog predistorted signal provided by said digital-to-analog converter; 

an antenna coupled to said power amplifier, wherein said antenna is capable of 
broadcasting said amplified analog signal provided by said power amplifier; 

a coupler coupled to said power amplifier, wherein said coupler is capable of 
providing a receive signal dependent on said amplified analog signal provided by said 
power amplifier; 
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an analog-to-digital converter coupled to said coupler, wherein said analog-to- 
digital converter is capable of providing a digital receive signal dependent on said 
receive signal provided by said coupler; 

a digital quadrature demodulator coupled to said analog-to-digital convener, 
wherein said digital quadrature demodulator is capable - of providing a feedback 
in-phase signal and a feedback quadrature signal dependent on said digital receive 
signal provided by said analog-to-digital converter, 

a trainer coupled to said digital quadrature demodulator, said predistorter and 
said digital modulator, wherein said trainer is capable of providing a trainer signal to 
said predistorter, said trainer signal being dependent on said feedback in-phase signal, 
said feedback quadrature signal, said in-phase signal, and said quadrature signal, 
wherein a subsequent predistorted in-phase signal and a subsequent predistorted 
quadrature signal provided by said predistorter are dependent on said trainer signal 
and subsequent in-phase and quadrature signals provided by said digital modulator. 

2. The transmitter of Claim 1 further comprising: 

an analog upconverter coupled between said digital-to-analog converter and 
said power amplifier, wherein said analog upconverter is capable of providing to said 
power amplifier a broadcast frequency signal dependent on said analog predistorted 
signal provided by said digital-to-analog converter; and 

an analog downconverter coupled between said coupler and said ahalog-to- 
digital converter, wherein said analog downconverter is capable of providing to said 
analog-to-digital converter an analog intermediate frequency signal dependent on said 
receive signal provided by said coupler. 

3 The transmitter of Claim 2 further comprising an interpolator coupled 
between said digital modulator and said predistorter, wherein said interpolator is 
capable of providing an interpolated in-phase signal dependent on said in-phase signal 
provided by said digital modulator and an interpolated quadrature signal dependent on 
said quadrature signal provided by said digital modulator. 
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4. The transmitter of Claim 3 further comprising: 

a digital interpolator coupled between said predistorter and said digital 
quadrature modulator, wherein said digital interpolator is capable of providing an 
upconverted in-phase signal dependent on said predistorted in-phase signal provided 
by said predistorter and an upconverted quadrature signal dependent on said 
predistorted quadrature signal provided by said predistorter; and 

a digital decimator coupled between said trainer and said digital quadrature 
demodulator, wherein said digital decimator is capable of providing a downconverted 
in-phase signal dependent on said feedback in-phase signal provided by said digital 
quadrature demodulator and a downconverted quadrature signal dependent on said 
feedback quadrature signal provided by said digital quadrature demodulator. 

5 The transmitter of Claim 4 further comprising a controller coupled to 
said digital modulator, said predistorter, said interpolator, said trainer and said digital 
decimator, wherein said digital modulator, said predistorter, said interpolator, said 
trainer and said digital decimator are reconfigurable, said controller being capable of 
selectably providing reconfiguration signals to said digital modulator, said 
predistorter, said interpolator, said trainer and said digital decimator, whereby said 
digital modulator, said predistorter, said interpolator, said trainer and said digital 
decimator are selectably reconfigured. 

6. The transmitter of Claim 5 wherein said controller is capable of 
adjusting a gain of said analog intermediate frequency signal provided by said analog 
downconverter and adjusting an attenuation of said broadcast frequency signal 
provided by said analog upconverter. 

7 The transmitter of Claim 5 wherein said controller is adapted to 
receive reconfiguration information remotely communicated to said linear transmitter. 

8. The transmitter of Claim 7 wherein said digital modulator, said digital 
quadrature modulator, and said digital quadrature demodulator each comprise a 
reprogrammable logic device 
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9. The transmitter of Claim 8 wherein said digital modulator, said digital 
quadrature modulator, and said digital quadrature demodulator each comprise a field 
programmable gate array. 

10. The transmitter of Claim 9 wherein said transmitter is used in a paging 

system 

1 1. The transmitter of Claim 10 wherein said digital modulator is capable 
of smoothly scaling up said in-phase signal and said quadrature signal when said 
transmitter is being powered up and capable of smoothly scaling down said in-phase 
signal and said quadrature signal when said transmitter is being powered down. 

12. The transmitter of Claim 10 wherein said digital modulator is capable, 
when said transmitter is transmitting multiple subcarrier signals simultaneously, of 
smoothly ramping up individual subcarrier signals and said transmitter is being 
powered up and capable of smoothly ramping down said individual subcarrier signals 
when said transmitter is being powered down. 

13 The transmitter of Claim 1 further comprising a controller coupled to 
said digital modulator, said predistorter, and said trainer, wherein said digital 
modulator, said predistorter, and said trainer are reconfigurable, said controller being 
capable of selectably providing reconfiguration signals to said digital modulator said 
predistorter, and said trainer, whereby said digital modulator said predistorter, and' 
said trainer are selectably reconfigured. 

14. The transmitter of Claim 13 wherein said controller is adapted to 
receive reconfiguration information remotely communicated to said linear transmitter 

15. The transmitter of Claim 3 further comprising a controller coupled to 
said digital modulator, said interpolator, said predistorter, and said trainer, wherein 
said digital modulator, said interpolator, said predistorter. and said trainer are 
reconfigurable, said controller being capable of selectably providing reconfiguration 
signals to said digital modulator, said interpolator, said predistorter, and said trainer, 
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whereby said digital modulator, said interpolator, said predistorter, and said trainer 
are selectably reconfigured. 

16. The transmitter of Claim 15 wherein said controller is capable of 
adjusting a gain of said analog intermediate frequency signal provided by said analog 
downconverter and adjusting an attenuation of said broadcast frequency signal 
provided by said analog upconverter. 

17. The transmitter of Claim 1 wherein said trainer comprises a 
microprocessor. 

18. The transmitter of Claim 17 wherein said microprocessor is 
programmed to perform a fast Fourier transform of said feed-back in-phase signal and 
said feedback quadrature signal. 

19. The transmitter of Claim 17 wherein said predistorter comprises a 
nonvolatile memory, said predistorter storing predistortion values in said nonvolatile 
memory during a powerdown and using said stored predistortion values in providing 
predistorted in-phase and predistorted quadrature signals during a power-up 
sequentially following said powerdown 

20. The transmitter of Claim 9 wherein said predistorter comprises a 
microprocessor programmed to add matching check bits to said predistorted in-phase 
signal and said predistorted quadrature signal. 

21. The transmitter of Claim 20 wherein said field programmable gate 
array of said digital quadrature modulator is configured to monitor check bits in said 
upconverted in-phase signal and said upconverted quadrature signal. 

22. The transmitter of Claim 1 wherein said trainer signal is not dependent 
on digital data dedicated to training the trainer. 
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23. The transmitter of Claim 1 wherein said digital data does not include 
data dedicated to training the trainer. 

24. A transmitter for substantially linearly transmitting signals at a 
broadcast frequency, the transmitter comprising: 

a modulator for receiving digital data and mapping said digital data into an 
in-phase signal and a quadrature signal; 

an interpolator for increasing the sampling rate of said in-phase and said 
quadrature signal; 

a predistorter that modifies said in-phase and said quadrature signal into a 
predistorted in-phase signal and a predistorted quadrature signal, respectively, 

a digital quadrature modulator that combines said predistorted in-phase signal 
and said predistorted quadrature signal into a digital predistorted signal; 

a digital-to-analog converter that converts the digital predistorted signal into 
an analog predistorted signal; 

an analog upconverter for increasing the frequency of said analog predistorted 
signal to said broadcast frequency; 

a power amplifier that amplifies said analog predistorted signal from said 
analog upconverter; 

an antenna for broadcasting said analog predistorted signal from said power 
amplifier; 

a coupler for receiving a portion of said analog predistorted signal amplified 
by said power amplifier; 

an analog downconverter for decreasing the frequency of said analog 
predistorted signal received by said coupler; 

an analog-to-digital converter that converts the analog predistorted signal 
from the analog downconverter into a digital predistorted signal; 

a digital quadrature demodulator that converts said digital predistorted signal 
from said analog-to-digital converter into a feedback in-phase signal and a feedback 
quadrature signal; 
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a trainer for comparing said feedback in-phase signal and said feedback 
quadrature signal with said in-phase signal and said quadrature, wherein said trainer 
modifies said predistorter such that the output of said power amplifier is consistent 
with said in-phase signal and said quadrature signal. 

25. The transmitter of Claim 24 wherein said transmitter is used in a 
paging system. 

26. The transmitter of Claim 25 further comprising: 

a digital interpolator for providing an interpolated in-phase signal dependent 
on said predistorted in-phase signal provided by said predistorter and an interpolated 
quadrature signal dependent on said predistorted quadrature signal provided by said 
predistorter; and 

a digital decimator for providing a decimated in-phase signal dependent on 
said feedback in-phase signal provided by said digital quadrature demodulator and a 
decimated quadrature signal dependent on said feedback quadrature signal provided 
by said digital quadrature demodulator. 

27. The transmitter of Claim 26 further comprising a controller coupled to 
said digital modulator, said predistorter, said interpolator, said trainer and said digital 
decimator, wherein said digital modulator, said predistorter, said interpolator, said 
trainer and said digital decimator are reconfigurable, said controller selectably 
providing reconfiguration signals to said digital modulator, said predistorter, said 
interpolator, said trainer and said digital decimator, whereby said digital modulator, 
said predistorter, said interpolator and said digital decimator are selectably 
reconfigured. 

28. The transmitter of Claim 27 wherein said controller is coupled to an 
external communication means, said controller being capable of receiving 
reconfiguration information remotely communicated to said linear transmitter. 



Pf^SDOCIO: <WO 9730521A1> 



WO 97/30521 

-29- 



PCT/US97/00810 



29. The transmitter of Claim 28 wherein said digital modulator, said digital 
quadrature modulator, and said digital quadrature demodulator each comprise a 
reprogrammable logic device. 

30. The transmitter of Claim 29 wherein said digital modulator, said digital 
quadrature modulator, and said digital quadrature demodulator each comprise a field 
programmable gate array. 

31. The transmitter of Claim 30 further comprising one or more additional 
power amplifiers connected in parallel with said power amplifier, said one or more 
additional power amplifiers being substantially identical to said power amplifier. 

32. The transmitter of Claim 27 wherein said controller is capable of adjust 
a gain of said analog predistorted signal from said analog downconverter and 
adjusting an attenuation of said analog predistorted signal from said analog 
upconverter. 

33 A method for transmitting substantially linearly transmitting signals at a 
broadcast frequency, the method comprising; 
receiving digital data to be broadcast; 

mapping said digital data into an in-phase signal and a quadrature signal; 

predistorting said in-phase and said quadrature signal into a predistorted 
in-phase signal and a predistorted quadrature signal, respectively; 

modulating by digital quadrature modulation said predistorted in-phase signal 
and said predistorted quadrature signal to provide a digital quadrature modulated 
signal, 

convening said digital quadrature modulated signal into an analog predistorted 

signal, 

amplifying said analog predistorted signal to provide an amplified analog 
predistorted signal; 

broadcasting said amplified analog predistorted signal; 
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receiving a portion of said- amplified analog predistorted signal to provide a 
receive signal, 

converting said receive signal into a digital receive signal; 

demodulating by digital quadrature demodulation said digital receive signal to 
provide a feedback in-phase signal and a feedback quadrature signal, 

providing a trainer signal dependent on said feedback in-phase signal and said 
feedback quadrature signal, said in-phase signal and said quadrature signal; and 

predistorting a subsequent in-phase signal and a subsequent quadrature signal 
into a subsequent predistorted in-phase signal and a subsequent -predistorted 
quadrature signal, respectively, wherein said subsequent predistorted in-phase signal 
and said subsequent predistorted quadrature signal are dependent on said trainer 
signal. 

34. The method of Claim 33 further comprising: 

interpolating said in-phase and said quadrature signal after mapping said 
digital data into said in-phase signal and said quadrature signal, 

increasing the frequency of said analog predistorted signal to a broadcast 
frequency to provide a broadcast frequency analog predistorted signal before 
amplifying said analog predistorted signal to provide said amplified analog 
predistorted signal; and 

decreasing the frequency of said receive signal to provide an intermediate 
frequency receive signal after receiving said portion of said amplified analog 
predistorted signal to provide said receive signal. 

35. The method of Claim 34 further comprising: 

receiving said predistorted in-phase signal and said predistorted quadrature 
signal and providing an interpolated in-phase signal dependent on said predistorted 
in-phase signal and an interpolated quadrature signal dependent on said predistorted 
quadrature signal, and 
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receiving said feedback in-phase signal and said feedback quadrature signal 
and providing a decimated in-phase signal dependent on said feedback in-phase signal 
and a decimated quadrature signal dependent on said feedback quadrature signal. 

36. The method of Claim 35 further comprising receiving remotely 
communicated reconfiguration information and modifying said predistorting of said 
in-phase and said quadrature signal into said predistorted in-phase signal and said 
predistorted quadrature signal, respectively 

37. The method of Claim 35 further comprising: - - - 
receiving remotely communicated reconfiguration information; 

modifying said modulation by digital quadrature modulation of said 
predistorted in-phase signal and said predistorted quadrature signal in response to said 
reconfiguration information; and 

modifying said demodulation by digital quadrature demodulation of said digital 
intermediate frequency receive signal in response to said reconfiguration information. 

38. The method of Claim 34 further comprising adjusting an attenuation of 
said broadcast frequency analog predistorted signal and adjusting a gain of said 
intermediate frequency receive signal. 



WO 97/30521 



PCT/US97/00810 




BNSDOCID: <WO 9730521 A1 > 



WO 97/30521 



PCT/US97/00810 



2/6 




2 



e-3 



5 G 



5* 



i 

CO 



CO 
CO 



S3 



CO 



CO 
c\j 



i 

CO 

<>3 



est 



CM 



CO 



co 



co 
cv 



*0 
cv 



c\i 





si 


a 










^£8 



3 §2 



era 
c^ 



u y 



si ^ 



e 



Jo 



-4* 



S 



co 



as 

gg 

§1 



I 




§1 



SUBSTITUTE SHEET (RULE 26) 



BNS0OCI0:<WO 9730521 A1> 



WO 97/30521 PCT/US97/00810 



3/6 



103 



301 



:305 



DIGITAL 


CONFIGURABLE 




DSP 


DATA 


INTERFACE 




MODULE 






. 3 





I 

Q 



400 



$403 





S 401 


SRAM 




IN-* 


microcontroller] 












NVM 








' — '-OUT 


l 405 



Q 



{501 



FIFO 



£05 



FIFO 



-209 



3 



503 



HALF BAND h 
FILTERS 



507 



HALF BAND 
FILTERS 



,-111 



SI 



509 



REPROGRAMABLE 
LOGIC 
DEVICE 



k — - — — - — - — — — - — — — J — — 



SUBSTITUTE SHEET (RULE 26) 



RNfinOCin- <:WO 9730571 A1> 



WO 97/30521 



PCT/US97/00810 



4/6 



238 



MAINTENANCE 
VT 100 
AVG. POWER 



^609 



<601 



MICROPROCESSOR 



3 



605 



TO 



3 



613 



=C> RECONFIGURABLE 
COMPONENTS 



■ A TTEN./GAIN CONTROL 



602 



SRAM 




NVM 






PLD 







FPGA CONTROL 



615 



SUBSTITUTE SHEET (RULE 26) 



97/30521 



PCT/US97/00810 




1 


YES 

r 


TAKE A /0i 
AVERAGE 
TRANSMIT! 


Ofj. SECOND 
OF THE 
ED POWER 




DECREASE ATTENUATION 
IN TX PATH 
DECREASE GAIN 
IN RX PATH 



INCREASE ATTENUATION 
IN TX PATH 
INCREASE CAIN 
IN RX PATH 



£7* 



7 



SUBSTITUTE SHEET (RULE 26) 



WO 97/30521 PCT/US97/G8&10 



6/6 



805 



1 




COMPARE THE AVG. OF THE 
PREDISTORTER OUTPUT SICNALS 
WITH THE ALLOWED RANGE 



HIGH 



1 




SCALE DOWN 
OUTPUT SIGNALS 




LOW 



1 




SCAL 
OUTPUT 


E UP 
SIGNALS 



INTERRUPT- 



801 



1 



DETECTED OVERFLOW 
OF A-D OR D-A 
CONVERTERS 



803 



SCALE DOWN THE 
PREDISTORTER OUTPUT 
SIGNALS TO PREVENT OVERFLOW 



SUBSTITUTE SHEET (RULE 26) 



BNS0OCID:<WO 9730521 A1> 



INTERNATIONAL SEARCH REPORT 



\r\U .tional application No. 
PCT/US97/00810 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :H04B 1/04 
US CL :455/126 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 455/113, 114. 115, 116, 119, 126, 129; 330/136. 149; 375/296, 297 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
APS 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 1 



Citation of document, with indication, where appropriate, of the relevant passages 



US, A, 4,291,277 (DAVIS ET AL) 22 September 1981, Fig 



US, A, 4,700,151 (NAGATA) 13 October 1987, Figs. 6, 8 
and 18, column 4, line 63 - column 5, line 3. column 7, 
lines 29-36 and column 8, line 37 - column 9, line 14, 
column 14, lines 35-48 

US, A, 5.049,832 (CAVERS) 17 September 1991, column 
18, lines 17-25 

US. A, 5.132.634 (SUAREZ) 21 July 1992, Fig. 1 

US, A, 5,148.448 (KARAM ET AL) 15 September 1992, Fig. 



Relevant to claim No? u if 



1-4, 17-19, 22- 
26, 33-35 and 
38 

1-4, 17-19, 22- 
26. 33-35 and 
38 



4, 26 and 35 

1 , 24 and 33 
1 , 24 and 33 



jej Further documents are listed in the continuation of Box C. | j Sec patent family annex. 


Spec* eau.one. of cued dc<umenu: "T Uer document pnbUabnd after the tnlemationaJ f.Iin, date or priority 
'A' dnoirami defining the tencrai naic of the art which m not cooaidcrcd <Uta end oot «o confWl with the aopliraiioo but cited to undcratand the 
to be o/ p-rticulj relevance °oo«ierwa pnoc^ie or theory underlya* the nvenaon 

*E* earlier dnnifwmt publiahed on or after the nternatiooaj Tdioc date * X " document of particular relevance; the claimed invention cannot be 
... . ... , t cooeide-rod novel or cannot be couriered to envolve an mvcoUve vux> 

L document wtuch may throw doubts on priority ctainHt) or which m wboo the document m uken alone 
coed to rats htiah the publication date of another citation or other 

■pociai ream (a* apecified) "V document of particular relevance; the claimed invention cannot he 

•o- „r«^. «,„.«, ^ o, ^ ^TwS, zr.^ ars^r jzz. ^i^ssi 

tern* obvioua to a peraoo ikUlcd in the art 
**** rforurrwnl publiahed prior to toe intematiooal fdini dale but later than . . 

the priority dale claimed * anrumm member of the aamc patent family 


Date of the actual completion of the international search 
03 APRIL 1997 


Date of mailing of the international search report 

1 2 MAY 1997 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 


authorized officer ^ 

kTsam bhattacharya ^3©^ ^hjj 

Telephone No. (703) 305-3900 



INTERNATIONAL SEARCH REPORT 



Inlc -tional application No. 
PCT/US97/00810 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
Y 

A,P 
A 



US, A, 5,193,224 (MCNICOL ET AL) 09 March 1993, Fig. 

US, A, 5,262,734 (DENT ET AL) 16 November 1993, Fig. 
column 3, lines 38-54 

US, A, 5,507,014 (WRAY ET AL) 09 April 1996, Fig.. I A 
JP, A, 62-139425 (NEC CORP) 23 June 1987, Fig. 1 



38 
18 

1 , 24 and 33 
1, 24 and 33 



Form PCT/1SA/210 (continuation of second iheetXJuly 1992)* 

>:<WO 9730S21A1> 



This Page Blank (uspto) 




